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ABSTRACT 
USE OF OAK HAMMOCKS BY NEOTROPICAL MIGRANT SONGBIRDS 
DURING STOPOVER IN COASTAL SOUTH CAROLINA 
December 2000 
SCOTT G. SOMERSHOE 
B.S. MILLERSVILLE UNIVERSITY 
M.S. GEORGIA SOUTHERN UNIVERSITY 
Directed by: Professor C. Ray Chandler 
Many species of Neotropical migrant songbirds have been reported to be 
declining in the last few decades, and the loss and fragmentation of stopover habitat has 
been implicated as a potential cause of these population declines. To manage properly a 
fragmented forest landscape for migrating songbirds information is needed on how the 
size and the habitat of forest fragments influence their use by migrants during stopover. 
Therefore, I conducted censuses of Neotropical migrant birds in eight oak hammocks of 
varying size (0.32-3.08 ha) at the Savannah National Wildlife Refuge, Jasper County, 
South Carolina. Censuses were conducted at 0600-1030 h during spring and fall 
migration (1999-2000). Censuses were designed to quantify how the size and vegetation 
structure of hammocks influence migrant abundance and diversity. I observed a total of 
41 species of Neotropical migrants, with a mean of 27.4 ± 2.75 (SE) individuals per 
hammock per day during the spring. During the fall, I recorded 30 species of Neotropical 
migrants, with a mean of 67.3 ± 7.87 (SE) individuals per hammock per day. Area was 
the most important factor in determining the number of migrants using a hammock. 
Larger hammocks attracted more species and individuals than smaller hammocks, while 
higher densities of migrants were found in smaller hammocks in the spring. Although 
vegetation structure varied among hammocks, differences in habitat structure were 
unable to explain variation in migrant abundance and diversity among hammocks. 
Habitat patchiness was also unrelated to among-hammock distribution of migrants during 
stopover. Migrant abundance and diversity differed among hammocks across seasons 
(spring vs. fall), whereas differences were not found between years (spring 1999 vs. 
spring 2000). My findings indicate that larger hammocks attract more species of 
migrants and more individual birds than smaller hammocks. Smaller hammocks attract 
higher densities of birds, which may result in higher amounts of competition among 
transients. Thus, my results suggest preserving larger patches of oak maritime forest as 
stopover habitats for migrating songbirds in order to attract more birds but in lower 
densities. Although vegetation structure did not affect among-hammock variation in 
migrant abundance and diversity in my study, the scale at which the data was analyzed 
was not optimal for detecting habitat selection within hammocks. 
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Chapter I 
Introduction 
Bird migration is a phenomenon that involves the annual, roundtrip movement of 
individuals between their breeding grounds and non-breeding grounds (Berthold 
1996:25-27). For example, nearly two-thirds of all bird species that breed in eastern 
North America migrate long distances to wintering grounds in the Caribbean, Mexico, 
and Central and South America (Keast and Morton 1980). En route migrants face 
considerable risks, including increased energy demands, predation, competition with 
residents and other migrants for resources, unfavorable weather, and orientation errors. 
How migrants confront and solve these problems determines their ultimate success in 
completing migration. 
Stopover, a period of interrupted migration during which migrants restore lost fat 
reserves and rest (Berthold 1975), is one component of successful migration. During 
stopover, migrants exhibit hyperphagia, heightened rate of food consumption, and 
increase their percentage of body fat to nearly 50% of their total body mass (Marks and 
Redmond 1994). In addition, many species preferentially choose high-energy food items 
(Moore and Simm 1985), while other species shift from insectivory to frugivory in order 
to obtain critical resources they require to complete migration (e.g., Dendroica virens and 
Seiurus noveboracensis; Parrish 1997). Migrants that make long flights over inhospitable 
habitat (e.g., the Gulf of Mexico, the Sahara Desert, or the Pacific Ocean) must be able to 
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obtain sufficient stores of water and energy (in the form of fat) during stopover to cross 
these barriers successfully without stopping (Moreau 1972, Rappole and Warner 1976). 
Birds with insufficient fat stores may be forced to delay migration in attempts to 
obtain these reserves (Bairlein 1975), often in unfamiliar and less-than-optimal habitat. 
As a result, migrants in a fat-depleted condition have longer stopovers that increase their 
exposure to unsuitable conditions and other potentially life-threatening factors (Martin 
1980, Moore et al. 1990), such as predation (Lindstrom 1989, Abom 1994, Moore 1994), 
poor weather conditions (Richardson 1978), and competition for resources (Moore and 
Yong 1991). The cost of delayed stopover highlights the importance of stopover site 
selection and the availability of suitable stopover sites. Thus, the study of stopover is 
increasingly seen as critical to the understanding of bird migration and to the 
conservation of migratory birds (Bairlein 1983, 1985, 1992; Moore et al. 1992; Winker et 
al. 1992; Abom and Moore 1997). 
A further impetus for studying stopover is that many Neotropical migrant species 
have been reported to be suffering population declines in recent decades (Peteijohn et al. 
1995). Although these declines may be linked to the loss of breeding habitats in the 
United States and Canada and wintering grounds in Mexico, the Caribbean, and Central 
and South America (Hagan and Johnson 1992, Keast and Morton 1980, Robbins et al. 
1989), the loss of suitable stopover habitat has also been implicated (Moore et al. 1990). 
As development fragments and reduces the amount of suitable habitat, migrant birds may 
experience reduced stopover success and may suffer increased en route mortality. Thus, 
3 
an important first step in managing land appropriately for migrant landbirds is to identify 
important stopover sites and determine what habitat features are most important to 
migrants upon arrival at a stopover site. 
Habitat fragmentation has been shown to have detrimental effects on breeding and 
wintering bird populations and may be an important influence on habitat selection by 
migrants during stopover (Petit 2000). For example, positive relationships between area 
of fragments and the number of species of migrants have been found in several studies 
(Galli et al. 1976, Willson and Carothers 1979, Martin 1980, Cox 1988). On the other 
hand, Yahner (1983) found that size of forest fragments did not affect the number of 
migrant species in small (0.2-0.8 ha) shelterbelts in southern Minnesota, and Howe 
(1984) found equal densities of migrants among shelterbelts of different size (0.1-7.0 ha) 
in Minnesota. Finally, Martin (1980) found an inverse relationship between size of 
habitat fragments and migrant density. Thus, the size of forest fragments may affect the 
abundance and diversity of migrant species, but available studies permit no concensus on 
the direction of this effect. 
Edge effects in small, irregularly shaped fragments and their effect on food 
availability may also affect the suitability of fragments as stopover sites. Edge effects 
(e.g., increased wind and sunlight, lower humidity), are estimated to extend into a 
fragment a distance equal to at least six times the height of the tallest edge vegetation 
(Harris 1984). Thus, small stopover sites (<3 ha) may be composed entirely of edge 
habitat. Edge effects are usually considered negative, but Hutto (1985b) notes that food 
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availability has been found to be up to four times greater, and bird densities up to five 
times greater, along edges than in interior habitats during the breeding season. 
The composition of the habitat may also be important to migrants (Robinson and 
Holmes 1984, Hutto 1985b, Moore et al. 1990, Moore and Simons 1992). Many species 
have been shown to prefer not only specific habitats during stopover (Bairlein 1983. 
Lindstrom 1989), but there is also strong evidence for selection of habitats with respect to 
food availability (Martin 1980, 1985; Martin and Karr 1986; Moore and Kerlinger 1987; 
Moore et al. 1995; Rappole 1995). Vegetation structure and species composition affect 
foraging techniques (Holmes and Robinson 1981; Robinson and Holmes 1982. 1984). 
and should be critical to migrant foraging success and habitat preference during stopover. 
Identifying features that influence stopover in fragmented landscapes is especially 
important in the southeastern United States. Large numbers of songbirds migrate through 
the southeast along both the Atlantic (Hillestad 1975, Cohrs and Cohrs 1994) and Gulf 
coasts (Moore and Kerlinger 1987, Barrow et al. 2000). Furthermore, rapid development 
is destroying and/or altering larger portions of potentially important coastal habitat for 
migrating songbirds (U.S. Department of the Interior 1993). Unfortunately, there are few 
data on how fragmentation affects migrant songbird abundance and diversity in this 
important region. 
The dominant forest community along the coastline of the southeast United States 
is maritime forest. Maritime forests, which have a relatively low plant diversity, arc 
dominated by large, long-lived oak trees {Quercus spp.) palmetto (Serenoa repem). and 
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various evergreen shrubs (Stalter and Dial 1984). This forest type is especially well 
developed along the coastlines of South Carolina, Georgia, and northeastern Florida (Cox 
1988). In many areas, this maritime forest is broken up (by marshes or human activity) 
into fragments or hammocks. Oak hammocks are small, isolated plots of maritime forest 
scattered among fresh, brackish, and saltwater marshes along the coast of the 
southeastern United States. Although information is available about which species of 
Neotropical songbirds migrate through this region (Cox 1988, Cohrs and Cohrs 1994), 
little is known about their abundance in oak hammocks or what factors affect their use of 
this habitat. This is despite the assumption that oak hammocks represent critical stopover 
habitat (Cox 1988). Therefore the objectives of this research are to quantify how the size 
and habitat structure of oak hammocks affect the abundance and diversity of Neotropical 
migrants during spring and fall migration. Specifically, using oak hammocks at the 
Savannah National Wildlife Refuge, South Carolina, I will test the hypothesis the 
Neotropical migrants preferentially occupy larger and more densely vegetated 
hammocks. The overall goal of my research is to provide data to guide management 
decisions regarding the preservation and management of oak hammocks. 
Chapter II 
Study Area and Methods 
Study Area - This research was conducted from April 1999 through May 2000 at 
the Savannah National Wildlife Refuge (SNWR) (32015' N, 810ir W; USGS Savannah 
quadrangle), Jasper County, South Carolina. The SNWR comprises 4306 ha of 
freshwater marsh and is located on the lower coastal plain approximately 29 km from the 
Atlantic Ocean (Fig. 1). The SNWR has a series of freshwater impoundments that are 
managed primarily for migratory waterfowl. The Laurel Hill Wildlife Drive runs along 
an approximately 6.4-km series of dikes enclosing several impoundments. 
Approximately one dozen oak hammocks of varying size (0.3 - 3.0 ha) are accessible 
from the wildlife drive. Oak hammocks are small forest fragments whose canopy is 
composed primarily of oak trees (Quercus spp.) (Cox 1988). These fragments, which are 
used by a variety of Neotropical migrants during stopover, are separated from one 
another by at least 0.4 km of freshwater marsh (Fig. 2), and are located at least 1.6 km 
from surrounding forests. 
The canopy of the oak hammocks is dominated by oaks (Q. virginiana, Q. 
laurifolia, and Q. nigra), sweetgum (Liquidambar styraciflua), sugarberry (Celtis spp.), 
china berry (Melia azedarach), and Chinese tallow (Sapium sebiferum), but the density of 
each species varies among fragments. Pines (Pinus elliottii and P. palustris), bald 
cypress (Taxodium distichum), and red maple (Acer rub rum) are present, but constitute 
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Figure 1. Location of the Savannah National Wildlife Refuge, Jasper County. South 
Carolina. 
Figure 2. Location of hammocks along the wildlife drive at the Savannah National 
Wildlife Refuge. Lines represent impoundments, black dots represent hammocks. 
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only a minor part of the canopy. Understory vegetation is comprised primarily of cherry 
laurel (Prunus caroliniand), saw palmetto (Serenoa repens), greenbrier (Smilax spp.), 
mulberry (Moms spp.), wax myrtle (Myrica cerifiera), yaupon (Ilex vomitoria), and 
beautyberry (Callicarpa americana). 
Study Sites. - I chose hammocks for study that were accessible and spanned a 
range of sizes and vegetation composition. The hammocks that I used (n = 8) varied in 
area by almost an order of magnitude (0.32 - 3.08 ha) and differed visually in the density 
and composition of understory vegetation. All hammocks were either located directly 
along the wildlife drive or along impoundments that were open to the public only for foot 
traffic. The area of each fragment (+5%) was measured with a Global Positioning 
System (GPS) during the spring of 1999 and plotted on a map of the impoundment 
system at the SNWR (Fig. 2). 
Census Technique - In order to quantify habitat use by migrants and determine 
the role of fragment size on the abundance and diversity of migrants stopping over in a 
given fragment, hammocks were censussed using line transects. The hammocks were 
censussed by walking an irregular transect that encompassed the entire hammock either 
visually and/or audibly. Census duration was proportional to area for each plot (range 18 
- 75 minutes), and time per unit area was held constant. The order in which the 
hammocks were censussed was assigned at random daily. In addition, all hammocks 
were sampled a minimum of every two days. All censuses were completed within the 
first 3.5 h of sunrise. All birds seen or heard within a hammock were recorded. Birds 
observed only flying over or through the hammock without perching were not recorded. 
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Species were categorized as Neotropical or temperate migrants according to 
Hunter et al. (1993). During the spring, individuals of any Neotropical species that were 
heard or seen in the same location repeatedly over the period of a week or those that 
exhibited nesting behavior (e.g. courtship, nest building, visiting probable nest site, etc.) 
were considered potential breeders and were removed from the total number of migrants 
per day in the respective plot. No birds were removed from fall censuses since they were 
conducted well after the breeding season. Among Neotropical species, only Blue-gray 
Gnatcatchers (Polioptila caerula) were recorded as probable breeders within the 
hammocks and thus a few may have been permanent residents. In addition, some White- 
eyed Vireos (Vireo griseus) and Common Yellowthroats (Geothlypis trie has) may have 
been local winter residents. All observations for resident species were recorded and 
included during censuses. 
Habitat Characteristics - Vegetation plots (11.3-m radius) were established 
randomly within each hammock, and habitat was quantified following James and Shugart 
(1970). Using the known areas of each hammock, the minimum number of plots needed 
to quantify at least 20% of the area within each hammock was determined. All trees >10 
cm diameter at breast height (DBH) were identified and recorded. Shrub stems < 10 cm 
were quantified along four 11.3 x 1.5-m transects along the cardinal directions of a 
compass. Canopy cover and herbaceous ground cover was also estimated at 21 points 
(one at center point and five points along each transect; points were approximately 2 m 
apart) within each plot. Litter depth was measured once at 2 m from the center point in 
each of the four cardinal directions. 
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Analysis- I used analysis of variance (ANOVA) to test for added variance in the 
species richness, abundance, and density of Neotropical migrants recorded per day as 
attributed to differences among hammocks. Linear regression was used to detect 
relationships between size of hammocks and the total number of species, the mean 
number of migrants and species recorded per day, and migrant density. Multiple 
regressions were used to detect interactions between size and vegetation variables and 
how they influenced the total number of species, the mean number of species per day, the 
mean number of migrants per day, and migrant density. Data that could not meet 
assumptions of the given test were transformed using log (x+1) transformations in order 
to meet those assumptions. Nonparametric tests were conducted on data when 
assumptions of the parametric tests could not be met using transformations. A posteriori 
Tukey-Kramer or multiple nonparametric Mann-Whitney U-tests were conducted to 
determine which hammocks differed in their respected measurement when significance 
was detected. Alpha values were set at 0.05 for all analyses (Sokal and Rohlf 1995). All 
statistical analysis was conducted using JMP Statistical Software (SAS Institute Inc. 
1995). 
Habitat data were compared to determine if structural differences exist between 
hammocks. Habitat variables that were tested include 1) mean total basal area per 
hammock, 2) percent canopy cover, 3) percent herbaceous cover, 4) mean litter depth, 5) 
number of trees, 6) number of Yaupon (/. vomitoria) stems, and 7) number of other 
stems. Habitat data were described using principal components analysis (PCA) on the 
correlation matrix of the original variables. Yaupon stems were separated out from all 
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other stems because they are by far the most common understory plant and may influence 
the distribution of migrants with increased resources and/or protection from predators. 
Mean PC scores were calculated for each hammock. Linear regression was used to 
determine the effects of habitat on the total number of species, the mean number of 
migrants and species recorded per day, and migrant density. 
Chapter III 
Results 
During spring 1999 and 2000,1 censussed eight hammocks 26 - 29 times each 
and recorded a total of 41 species of Neotropical migrants, with a mean of 27.4 ± 2.75 
(SE) individuals per hammock per day (Appendix A). I observed 12-27 species of 
migrants per hammock during spring 1999 (total 34 species) and 12-26 species per 
hammock during spring 2000 (total 33 species). Peak passage dates were 27 April - 
6 May 1999 and 24 April - 2 May 2000. Although number of migrants per day was 
similar between years, the peak number of migrants occurred approximately one week 
earlier in 2000 (Fig. 3). 
During the fall of 1999,1 censussed five hammocks 23 times each and recorded 
30 species of Neotropical migrants, with a mean of 67.3 ± 7.87 (SE) individuals per 
hammock per day (Appendix B). Peak passage dates for fall migrants were between 
2-14 October (Fig. 4). 
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Figure 3. Number of species (top) and individuals (bottom) of Neotropical migrants 
observed per day during the 1999 and 2000 spring migration at Savannah National 
Wildlife Refuge, Jasper County, South Carolina. Plotted points represent pooled data for 
all hammocks. Day 120 = 30 April. 
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Julian Date 
Figure 4. Number of species (top) and individuals (bottom) of Neotropical migrants 
observed per day during the fall 1999 migration at Savannah National Wildlife Refuge. 
Jasper County, South Carolina. Plotted points represent pooled data for all hammocks. 
Day 285 = 12 October. 
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Spring Analysis 
Variation Among Hammocks 
Number of Species- Hammocks varied in the total number of Neotropical species 
observed during spring (Table 1). There was significant added variation in the number of 
species recorded per day due to differences between hammocks for both spring 1999 and 
2000 (1999: ANOVA, F7,98=3.50, P=0.002; 2000: Kruskal-Wallis test, XV 16.04. 
P=0.025). A total of 15 - 17% of the variation in number of species observed per day 
during spring was attributable to among-hammock variation. 
Number of Individuals - There was significant added variation in the number of 
migrants recorded per day due to differences among hammocks for the spring of 1999. 
but not spring 2000 (1999: ANOVA log (x+1) transformed data. F7.98=3.41, P=0.003; 
2000: Kruskal-Wallis, X27= 10.91, P=0.14). A total of 10 - 16% of the variation in 
number of migrants per day during spring was attributable to among-hammock variation. 
Density - There was significant added variation in mean migrant density due to 
differences between hammocks for spring 1999, but not spring 2000 (ANOVA. 1999: 
F7,98=3.63, P=0.002; 2000: Kruskal-Wallis, X27=13.27, P=0.07). A total of 18 - 81% of 
the variation in density during spring was due to among-hammock variation. 
Area and Vegetation Effects 
Area of a hammock had a significant effect (Table 2) on the abundance and 
diversity of Neotropical migrants observed during spring 1999 and 2000. While larger 
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Figure 5. Relationship of area and total number of species of Neotropical migrants 
observed during spring 1999 (top) and 2000 (bottom) at Savannah National Wildlife 
Refuge, Jasper County, South Carolina. 
Area (ha) 
Figure 6. Relationship of area and mean number of species of Neotropical migrants 
observed per day during spring 1999 (top) and 2000 (bottom) at Savannah National 
Wildlife Refuge, Jasper County, South Carolina. 
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Area (ha) 
Figure 7. Relationship of area and mean number of individuals of Neotropical migrants 
observed per day during spring 1999 (top) and 2000 (bottom) at Savannah National 
Wildlife Refuge, Jasper County, South Carolina. 
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R2= 0.47 
b =-2.82 
Area (ha) 
Figure 8. Relationship of area and the mean migrant density of Neotropical migrants 
observed per day per hammock during spring 1999 (top) and 2000 (bottom) at Savannah 
National Wildlife Refuge, Jasper County, South Carolina. 
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hammocks attracted more individuals and species than smaller hammocks (Figs. 5-7). 
smaller hammocks tended to host higher densities of migrants (Fig. 8). 
I used a principal components analysis (PCA) of the seven habitat structure 
characteristics to describe habitat variation among hammocks (Table 3 ). Hammocks 
varied only for the habitat characteristics described by the first principal component axis 
(PCI) (ANOVA, Fy,56=5.77, P<0.001), while no differences were found along PC2 and 
PC3. PCI described a gradient of increasing herbaceous ground cover and stems (Table 
4). Hammocks that had high mean PC values were characterized by a mature open 
forest, with a complete canopy, and an extensive litter layer. Hammocks that had low 
mean PC values had an open canopy with extensive herbaceous ground cover and a dense 
understory layer. 
Variation in habitat among hammocks (as described by mean PC 1 scores) was 
unrelated to variation in migrant abundance or diversity (Table 3). Habitat patchiness (as 
described by variation in PC scores within hammocks) also did not explain variation in 
migrant abundance (Linear regression, P>0.05). 
Combining both area and vegetation in a multiple regression analysis did not alter 
the effects of area and vegetation. Area was still important in determining migrant 
abundance and diversity among hammocks during both the 1999 and 2000 spring 
migrations, and vegetation structure was unable to explain differences in migrant 
abundance and diversity among hammocks (Area: P<0.05, Vegetation: P>0.05, 
R2=0.52-0.88). 
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Table 4. Principal components analysis of seven habitat variables measured in oak 
hammocks at the Savannah National Wildlife Refuge. Jasper Countv. South Carolina. 
Principal Components 
PC] PC2 PC 3 
Factor Loadings 
Mean Total Basal Area 0.2853 0.5166 0.2300 
Litter Depth 0.4924 0.1526 -0.2619 
Percent Herbaceous Cover -0.5831 0.1417 0.2396 
Percent Canopy 0.2227 0.3967 0.6551 
Number of Trees 0.4381 -0.2572 0.1526 
Number of Yaupon stems -0.2977 0.5051 -0.1186 
Number of other stems -0.0756 -0.4593 0.5953 
Eigen Value 1.9512 1.5019 1.0157 
Percent Variation Explained 27.8748 21.4556 14.5101 
Cumulative Percent 27.8748 49.3304 63.8405 
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Variation Between Years 
The number of Neotropical species and individuals per hammock did not differ 
between spring migration periods (paired t-tests, P>0.05). When I regressed the 
abundance of migrants observed in each hammock during spring 2000 against the 
abundance in the same hammocks in spring 1999, patterns again were consistent across 
years. The number of species (F 1,7=11.0, P=0.02), number of species per day (Fi. 7=5.1, 
P^O.06), and density of migrants (Fi.7=12.9, P=0.01) in 2000 could largely be predicted 
by results from the previous year (R2=0.17-0.68). On the other hand, the mean number 
of individuals per day (Fij=1.2, P=0.32) cannot be predicted from year to year. 
Fall Analysis 
Variation Among Hammocks 
Number of Species - Hammocks differed in the numbers of total Neotropical 
species during the fall (Table 1). Significant added variation in the number of species per 
day was due to among hammock differences (Kruskal-Wallis test, X24=52.61. PO.OOl). 
A total of 53% of the variation in numbers of species observed per day was attributable to 
among-hammock variation. 
Number of Individuals - There was significant added variation in the number of 
individuals per day that was due to differences among hammock (Kruskal-Wallis test. 
X24=36.42, P<0.001). An added variance analysis explained 26% of the difference in the 
number of species observed per day. 
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Density - Significant added variation in migrant density was attributable to 
differences among hammocks (Kruskal-Wallis test, X24=25.511 P<0.001). A total of 28% 
of the variation in migrant density was due to among-hammock variation. 
Area and Vegetation Effects 
The size of hammocks had a significant effect (Table 2) on the abundance and 
diversity of Neotropical migrant songbirds observed during fall 1999. Larger hammocks 
attracted more species and individuals (Figs. 9-10), but density was unrelated to 
hammock size (Fig. 10). 
Variation in habitat among hammocks (as described by mean PCI scores) was 
unable to explain differences in migrant abundance and diversity (Table 3). Habitat 
patchiness (as described by variation in PC scores within hammocks) also did not explain 
differences in migrant abundance (Linear regression, P>0.05). 
A simultaneous analysis of area and vegetation structure did not alter the effects 
of area and vegetation. Area was able to explain differences in migrant abundance and 
diversity, while vegetation structure was not important in determining the distribution of 
migrant species and individuals among hammocks (Multiple regression: Area. P<0.05; 
Vegetation, P>0.05; R2=0.72-0.99). 
Spring and Fall Comparison 
A comparison of hammocks found that there was a similarity in how hammocks 
were used between seasons in terms of the total number of species (Linear regression. 
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Fi^S.TS, P=0.095) (Fig. 11), number of species per day (Fi.4=15.1, P=0.03) (Fig. 11). 
number of migrants per day (Fi.4=15.1, P=0.07) (Fig. 12), and density (Fi 4=12.1. P=0.04) 
(Fig. 12). Although two of the measurements were not significant, the high amount of 
variance explained by the regressions indicate that the abundance and diversity ma}' be 
predictable from year to year. 
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Area (ha) 
Figure 9. Relationship of area and total number of species (top) and the mean number of 
species of Neotropical migrants observed per day per hammock (bottom) during fall 
migration at Savannah National Wildlife Refuge, Jasper County. South Carolina. 
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Figure 10. Relationship of area and mean number of individuals (top) and mean migrant 
density of Neotropical migrants observed per day per hammock (bottom) during fall 
migration at Savannah National Wildlife Refuge, Jasper County, South Carolina. 
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Figure 11. A comparison of the total number of species (top) and mean number of 
species per day (bottom) of Neotropical migrants observed between spring and fall 
migration at Savannah National Wildlife Refuge, Jasper County. South Carolina. 
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Figure 12. A comparison of the mean number of individuals (top) and mean migrant 
density (bottom) of Neotropical migrants observed between spring and fall migration at 
Savannah National Wildlife Refuge, Jasper County, South Carolina. 
Chapter IV 
Discussion 
Oak hammocks along the South Carolina coast attract different numbers of 
Neotropical migrant species and individuals (Table 1). In general, larger hammocks 
attracted more species and more individuals than smaller hammocks during both spring 
and fall migration (Table 1). However, smaller hammocks tended to have higher 
densities of migrants during spring migration. Habitat structure was unrelated to 
variation in migrant diversity and abundance. Hammocks that attracted the most 
migrants during the spring also tended to attract the most migrants during fall 
(Fig. 11 and 12). 
Effects of Area- The first question that I addressed was how the size of oak 
hammocks affected migrant abundance and diversity. I found that as hammocks became 
larger, they tended to attract more Neotropical migrants (both species and individuals) 
during both spring and fall migration. These results support the findings of Galli et al. 
(1976), Willson and Carothers (1979), Martin (1980), Ambuel and Temple (1983). Cox 
(1988), and who also found positive relationships between habitat area and the number of 
migrant songbird species. Such a positive relationship is not surprising given basic 
species-area relationships (MacArthur and Wilson 1967). If migrants sort into hammocks 
at random as they arrive over the study site, larger hammocks are a larger target and 
should accumulate more species and individuals. However, if the sorting process is 
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random, the number of migrants observed in a hammock should be proportional to 
hammock area. In other words, density might be relatively unaffected by hammock size. 
Although migrant abundance did increase with hammock area, the increase was 
not proportional to area. Density was inversely related to hammock area, particular!}' 
during the spring. Only one previous study found a similar relationship between migrant 
density and fragment size during spring migration (Martin 1980). If we assume that 
resources are equally distributed among hammocks, my results and those of Martin 
(1980) suggest that migrants are not following the ideal-free distribution model, where all 
individuals utilizing a specific resource should experience the same rate of acquisition of 
that resource (Fretwrell and Lucas 1972, Moore and Simons 1992). Instead, competition 
for resources may be more acute in smaller hammocks, particularly in the spring 
(Schoener 1974, Martin 1980, 1981,) and when migrant densities are high (Moore and 
Yong 1991). 
Because increased densities of birds in small hammocks during the spring may 
increase competition among transients, size of hammocks may influence the ability of 
migrants to have a successful stopover. It is known that migrants can reduce resource 
abundance during stopover (Martin 1986, Petit 2000). However, because my study did 
not quantify resource use or availability, the possible relationship between area and 
competition remains speculative. In particular, the assumption that resources per unit 
area are equal among hammocks should be tested. If edges support more insects (Hutto 
1985b), small hammocks may be relatively resource-rich because they are effectively all 
edge. Nevertheless, from a conservation standpoint, protection of large oak hammocks 
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should support a greater abundance and diversity of Neotropical migrant species during 
stopover. 
Effects of Vegetation Structure - In addition to hammock size, 1 also asked how 
variation in habitat among hammocks may affect migrant abundance and diversity. 
Although hammocks differed in vegetation structure, these differences did not explain 
differences in the diversity or abundance of Neotropical migrant species. It appears that 
migrants arriving in the morning, during both spring and fall migration, select hammocks 
based on size rather than the vegetation found within individual hammocks. This is 
somewhat surprising given previous demonstrations of habitat preference in migrants 
(Bairlein 1983, Lindstrom 1990). 
The lack of vegetation effects in my study may be attributable to the scale at 
which the data were collected. My surveys were designed to quantify the overall 
abundance and diversity of migrants shortly after dawn. Presumably, these data are most 
strongly influenced by factors that affect which hammock birds choose as they initially 
arrive at the refuge after their migration the previous night. Species-by-species patterns 
of habitat selection might not be readily apparent in my data. Thus, the lack of vegetation 
effects on overall sorting of migrants into hammocks does not necessarily imply that 
individual birds or individual species do not show habitat preferences during migration 
(Bairlein 1983, Lindstrom 1989). 
Seasonal DifferencesHabitat use by migrant songbirds varies among seasons 
(Blake 1984, Hutto 1985b, Moore et al. 1990, Weisbrod et al. 1993, Moore and Woodrey 
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1995, Yong et al. 1998). However, abundance and diversity of migrants was similar 
between seasons for the five hammocks sampled during both spring and fall. There 
seemed to be a strong similarity in how hammocks were used between seasons. This 
similarity is perhaps surprising given seasonal differences in habitat and well-known 
seasonal changes in habitat use by migrants (Blake 1984, Hutto 1985a,b, Yong et al. 
1998). This observation follows others that have shown that many migrants shift from 
insectivory to frugivory in the fall in order to increase their net caloric intake (Martin et 
al. 1951, Parrish 1997). Again, these differences may be most apparent in patterns of 
habitat selection within hammocks; patterns of among-hammock variation are consistent 
between seasons and largely affected by size. 
Annual Differences.- If management of oak hammocks is to be based on results 
such as those reported here, there should be evidence that patterns are consistent from 
year-to-year. Except for number of migrants per day, I found that hammocks attracted 
similar diversity and abundance of migrants in spring 1999 and 2000. Thus, the number 
of species and densities found in a given hammock in one year was comparable to that 
found in another year. If the area is the dominant determinant of how migrants select 
hammocks, the lack of annual variation is not surprising. Over the two years of the 
study, I am encouraged to have found that migrant songbirds may use hammocks 
similarly between years. 
Further evidence that vegetation does not exert a strong influence on among- 
hammock variation is my observation of habitat changes between years. I observed 
physical changes in hammocks that were due to 1) physical removal of Tallow (Sapium 
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sebiferum) trees along the edges of two hammocks and 2) the flooding of impoundments. 
In addition, annual variability within hammocks and the addition of standing water in the 
largest hammock I feel affected bird numbers. Insect (mosquito) abundance was 
significantly greater in the spring of 2000 when 25% of the hammock was under standing 
water. In addition, flocks of Parulid warblers and other transient species tended to be 
found concentrated around these flooded areas nearly every morning more often during 
the spring of 2000. However, as already mentioned, there was no difference in how 
migrants used hammocks between years, thus suggesting that these changes may not 
significantly influence how these habitats are used among years. 
Management Implications. - My findings indicate that larger hammocks attract 
more species of migrants and more individual birds than smaller hammocks. Smaller 
hammocks attract higher densities of birds, which may result in higher amounts of 
competition among transients (Moore and Yong 1991). Thus, my results suggest 
preserving larger patches of oak maritime forest as stopover habitats for migrating 
songbirds in order to attract more birds but in lower densities. Other studies support the 
finding that larger hammocks attract more species and individuals than smaller 
hammocks (Galli et al. 1976, Willson and Carothers 1979, Martin 1980. Ambuel and 
Temple 1983, Cox 1988). Migrants in larger plots may have more successful stopover 
(e.g. shorter stopover times and increased rate of fat deposition). Although vegetation 
structure did not affect migrant abundance and diversity in my study, the scale at which 
the data was analyzed may affect the interpretation of differences in vegetation within 
and among hammocks. 
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Several outstanding questions need to be addressed. First, are there greater 
amounts of competition among migrants in smaller hammocks? If so, how does 
competition affect fat deposition and stopover length? Second, how do different migrant 
songbird species use the vegetation within hammocks? Specifically, do they segregate 
themselves among different habitat types (open vs. closed) within a hammock? In 
addition, how does resource abundance affect stopover length, fat deposition, and the 
distribution of migrant species within and among hammocks? 
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